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OF ISOMERIC BENZOQUINOLINES CATALYZED BY SULFIDED 

Mechanistic a spec t s  o f  s u l f i d e - c a t a l y z e d  hydrodeni t rogenat ion  of N-heterocy- 
c l i c s ,  and i n  p a r t i c u l a r  o f  condensed po lycyc l i c  systems, have been s t u d i e d  t o  a 
l i m i t e d  ex ten t  (1 ,2) .  Recently,  t h i s  s u b j e c t  has a t t r a c t e d  more i n t e r e s t  and seve ra l  
s i g n i f i c a n t  k i n e t i c  s t u d i e s  have been r e p o r t e d  (3 ,4 ) .  I t  i s  noteworthy, however, 
t h a t  so f a r  very l i t t l e  a t t e n t i o n  h a s  been p a i d  t o  s te reochemica l  a spec t s  o f  hydro- 
den i t rogena t ion  p rocesses .  
importance of s t e r i c  e f f e c t s  i n  such r e a c t i o n s ,  t h e  hydrogenation-hydrodenitrogena- 
t i o n  o f  two i somer ic  benzoquinol ines ,  i . e .  5,6-benzoquinoline (L) and,7,8-benzoquin- 
o l i n e  (L) ,  was comparatively s t u d i e d  as  a func t ion  o f  r e a c t i o n  tempera ture ,  hydrogen 
p r e s s u r e ,  and s u l f i d e d  c a t a l y s t  type. 
r e a c t o r ,  and products  formed were i d e n t i f i e d  and analyzed by a combination of gas 
chromatography, PMR, and mass spec t romet ry .  

I n  o r d e r  t o  ob ta in  a f i r s t  in format ion  on t h e  p o s s i b l e  

Experiments were c a r r i e d  ou t  i n  a semi-batch 

RESULTS AND DISCUSSION 

Figures  1-4 summarize t h e  change i n  product  composition from hydrogenation o f  
t h e  two i somer ic  benzoquinol ines  a s  a f u n c t i o n  of r e a c t i o n  tempera ture  i n  t h e  range 
of 200-380°C, us ing  a s u l f i d e d  Ni-W/A1203 c a t a l y s t .  A s  seen  from F ig .  1, a t  temper- 
a t u r e s  below 250°C, t h e  on ly  product  from 2 i s  1,2,3,4-tetrahydro-7,8-benzoquinolne 
(A), der ived  by s e l e c t i v e  hydrogenat ion  o f t h e  py r id ine  r ing .  With i n c r e a s e  i n  t e m -  
p e r a t u r e  above 250°C, t h e r e  is f a s t  dec rease  i n  t h e  y i e l d  o f  t h i s  i n t e rmed ia t e  com- 
pound, accompanied by formation o f  t h r e e  o t h e r  d e r i v a t i v e s ,  i . e . ,  6-propyl-1,2,3,4- 
tetrahydronaphthalene(&), 2-propylnaphtha lene(5) ,  and 1,2,3,4,11,12,13,14-octahydro- 
7 ,8 -benzoqu ino l ine (~ ) .  The presence  o f  compounds 5 and 6 i n d i c a t e s  t h a t  hydrodeni- 
t rogena t ion  of t he  primary product  3 could  occur  wi th  o r  without p re l imina ry  hydro- 
gena t ion  of t h e  end benzene r i n g .  
(2) reaches a maximum a t  E 30OoC and then  decreases  wi th  inc rease  i n  tempera ture ,  
whi 1 e t h e  y i e l d  o f  6-propyl - 1,2 ,3 ,4-  t e t  rahydronaphthal ene (4) cont inues  t o  i n c r e a s e  
up t o  350'C and on ly  then  decreases  w i t h  f u r t h e r  i n c r e a s e  Tn tempera ture  (Fig.  1 ) .  
This  would i n d i c a t e  t h a t  S p l a y s  an impor tan t  r o l e  as a p recu r so r  i n  t h e  format ion  of 
- 4. The l a t t e r  could a l s o  be de r ived  from 6, but t h e  r e l a t i v e l y  low y i e l d  o f  t h i s  
compound i n d i c a t e s  t h a t  t h i s  a l t e r n a t i v e  pathway i s  o f  lesser importance.  A t  tem- 
p e r a t u r e s  between 350-380' (Figure 2) t h e  decrease  i n  t h e  concent ra t ion  o f  4 is ac-  
companied by a corresponding i n c r e a s e  i n  t h e  y i e l d  of 2-propyldeca l in(L) ,  which i s  
t h e  f i n a l  product o f  t h e  hydrodeni t rogenat ion  p rocess .  A t  t h e  r e l a t i v e l y  s h o r t  con- 
tact  t ime of  2 hr ,  a t  341°C, t h e  y i e l d  o f  2 -p ropy ldeca l in ( l )  i s  on ly  9%, and 6-pro- 
pyl-1,2,3,4-tetrahydronaphthalene(4) i s  t h e  major product  (79%).  However, a t  a con- 
t a c t  t ime of 7 hr hydrogenation of-? i n t o  1 is e s s e n t i a l l y  complete. 

Pa t t e rns  c l o s e l y  s i m i l a r  t o  t h o s e  i n  Figs .  1 and 2 a r e  found i n  t h e  change o f  
product  composition as a func t ion  o f  hydrogen p res su re .  

Figures  3 and 4 summarize t h e  change i n  product  composition from hydrogenation 
of 5 ,6 -benzoqu ino l ine (~ )  as a func t ion  o f  r e a c t i o n  temperature .  As seen,  a t  temper- 
a t u r e s  around 2OO0C t h e  s i n g l e  product  observed i s  1,2,3,4-tetrahydro-5,6-benzoquin- 
o l i n e  (9, der ived  by f a s t ,  s e l e c t i v e  hydrogenation o f  t he  py r id ine  r i n g  i n  1. 
i n d i c a t e d  r a t e  of t h i s  r e a c t i o n  i s  h i g h e r  by a t  l e a s t  one o rde r  o f  magnitude than  
t h a t  of t h e  corresponding hydrogenat ion  o f  7,8-benzoquinoline(2) t o  1 ,2 ,3 ,4 - t e t r ahy-  
dro-7,8-benzoquinoline(~). 

*Weizmann I n s t i t u t e  o f  Sc ience ,  Rehovot, I s r a e l  

I t  i s  noted  t h a t  t h e  y i e l d  o f  2-propylnaphthalene 

The 

A t  t empera tures  > 200'Cthere i s  grzdual  decrease  i n  the  
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concent ra t ion  of  8, accompanied by formation of  1,2,3,4,11,12,13,14-octahydro-5,6- 
benzoquinol ine(9) .  The y i e l d  o f  t h i s  second-step hydrogenat ion in te rmedia te  reaches  
a maximum a r o u n x  3OO0C, and then decreases  a t  h i g h e r  temperature  (F ig .  3 ) .  F u r t h e r ,  
t h i s  decrease i n  t h e  y i e l d  o f  9 (Fig. 4) i s  accompanied by a corresponding gradual  
i n c r e a s e  i n  t h e  y i e l d  of  t h e  hydrodeni t rogenat ion product,S-propyl-1,2,3,4-tetrahy- 
dronaphthalene(lO),  i n d i c a t i n g  t h a t  hydrodeni t rogenat ion i s  mainly accomplished sub-  
sequent  t o  t h e  z t u r a t i o n  o f  t h e  end benzene r i n g .  A s  seen  from Fig .  4 ,  a t  tempera- 
t u r e s  >3OO0C t h e  product  conta ins  a l s o  small amounts (5-8%) of  1-propylnaphthalene 
(g), i n d i c a t i n g  t h a t  d i r e c t  hydrodeni t rogenat ion of  t h e  pr imary product  8 occurs  t o  
a minor e x t e n t .  A t  r e a c t i o n  temperatures  of  ca  340-380° p a r t  o f  compound i s  f u r -  
t h e r  hydrogenated t o  give l -propyldeca l in  (12)which can be  considered as  t h e  f i n a l  
product  o f  t h e  hydrodeni t rogenat ion process .  I f  t h e  temperature  i s  kept a t  E 34OoC 
and t h e  r e a c t i o n  t ime i s  extended, o r  t h e  p r e s s u r e  i n c r e a s e d ,  compound 10 i s  conver t -  
ed l a r g e l y  i n t o  11, without  any s i g n i f i c a n t  e x t e n t  o f  c racking .  A t  s 3 8 0 ° C ,  how- 
ever ,  some cracking of compound occurs  t o  f o r m  1,2,3,4-tetrahydrohaphthalene 
(Fig. 4). 

The s tudy  of  t h e  r e a c t i o n  o f  5 ,6-benzoquinol ine( l )  as a func t ion  of  c a t a l y s t  
t y p e  i n d i c a t e s  t h a t  t h e r e  i s  no s i g n i f i c a n t  d i f f e r e n c e i n  t h e  hydrogenation-hydrode- 
n i t r o g e n a t i o n  a c t i v i t y  o f  s u l f i d e d  Ni-W/A1203 and Ni-Mo/A120 

The observed markedly slower hydrogenation o f  t h e  p y r i a i n e  r i n g  i n  7,S-benzo- 
quinol ine(1)  can be ascr ibed  t o  t h e  s t e r i c  hindrance e f f e c t  o f  t h e  7,S-benzo group, 
which prevents  edgewise adsorp t ion  o f  t h e  p y r i d i n e  r i n g  t o  a c i d i c  s i tes  on t h e  cata- 
l y s t  s u r f a c e  by means of  t h e  n i t r o g e n  e l e c t r o n  p a i r ( 5 ) .  I n  c o n t r a s t ,  h indrance- f ree  
adsorpt ion o f  t h i s  type ,  with consequent s t r o n g  p o l a r i z a t i o n  and a c t i v a t i o n  of t h e  
pyr id ine  moiety i s  e a s i l y  a t t a i n e d  i n  t h e  case o f  5 ,6-benzoquinol ine( l ) .  Following 
t h e  hydrogenat ion o f  t h e  pyr id ine  r i n g s  i n  1 and 2 t o  g ive  1,2,3,4- te t rahydro-5,6-  
b e n z o q u i n o l i n e ( )  and 1,2,3,4-tetrahydro-7,8-benz~quinoline(A), r e s p e c t i v e l y ,  t h e r e  
a r e  marked d i f f e r e n c e s  i n  t h e  subsequent r e a c t i o n  pathways leading  t o  hydrodeni t ro-  
genat ion o f  t h e s e  two isomeric  in te rmedia tes ,  i . e .  compound 3 undergoes d i r e c t  hydro- 
deni t rogenat ion  t o  y i e l d  2-propylnaphthalene(5) ,  whereas 8 uTdergoes e s s e n t i a l l y  com- 
p l e t e  hydrogenation o f  t h e  end benzene r i n g ,  T o  f o r m  1,2,~,4,11,12,13,14-octahydro- 
5 , 6 - b e n z o q u i n o l i n e ( ~ ) ,  p r i o r  t o  t h e  hydrogenolysis  s t e p  (v ide  E). This  could be  
ascr ibed  t o  d i f f e r e n c e s  i n  t h e  s t e r i c  c h a r a c t e r i c s  o f  t h e i n t e r m e d i a t e s  involved.  
Examination o f  molecular  models shows t h a t  i n  compound A t h e  N-atom i s  i n  a &-po- 
s i t i o n  r e l a t i v e  t o  t h e  aromatic  H a t  C-14. 
t h e  n i t rogen  out  of c o p l a n a r i t y  with t h e  aromatic  system, and should f a c i l i t a t e  t h e  
hydrogenolysis  o f  t h e  C-N bonds, l ead ing  t o  formation of  2-propylnaphthalene(5) .  In 
c o n t r a s t ,  t h e  5,6-benzo group i n  5 does n o t  i n t e r a c t  s t e r i c a l l y  with t h e  hydrogen- 
a t e d  pyr id ine  r i n g ,  v i z .  i n  t h i s  case t h e r e  i s  no d e s t a b i l i z i n g  e f f e c t  upon the  C-N 
bonds. 
s t e p  , which produces 5rpropyl-  1 ,2 ,3 ,4-  te t rahydronaphtha l  ene ( 10) . 

t h e  r a t e  and d e p t h a f  hydrodeni t rogenat ion 
of  coa l -der ived  l i q u i d s  may s t r o n g l y  depend on t h e  s t e r i c  c h a r a c t e r i s t i c s  o f  con- 
densed N-heterocycl ic-aromatic  components, o r  of  p a r t i a l l y  hydrogenated r e a c t i o n  i n -  
te rmedia tes  formed dur ing  t h e  process .  

c a t a l y s t s .  

This  should cause some displacement o f  

Consequent ly;8 i s  hydrogenated t o  compound 9 p r i o r  t o  t h e  hydrogenolysis  

The r e s u l t s  ob ta ined  i n d i c a t e  t h a t  

EXPERIMENTAL 

The appara tus ,  a s  wel l  as t h e  experimental  and a n a l y t i c a l  procedures  were e s -  
s e n t i a l l y  t h e  same as used i n  t h e  preceeding s tudy  o f  phenanthrene and pyrene hydro- 
genat ion.  
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Temperature,' C 

Fig. 1 . Change i n  product  composition from hydrodeni t ro-  

C a t a l y s t :  S u l f i  ded Ni-W/Al 203 
Pressure:  2900 p s i g ,  
Reaction time: 2 h r .  

gena t ion  o f  7,8-Benzoquinoline a s  a  func t ion  o f  temperature  
(Stage A ) .  
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Fig.  2 .  Change i n  product composit ion from hydrodeni t ro-  
qenation o f  7,8-Benzoquinoline as a func t i on  of temperature 
(Stage B). 

Cata lyst :  Su l f i ded  Ni-W/AI2O3 
Pressure: 2900 ps ig;  
Reaction t ime: 2 hr .  

Temperature pC 

Fig. 4 .  Change i n  product composit ion from hydrodeni t ro-  

Cata lyst :  Sul f i ded N i -W/A l  203 
genation of 5,6-Benzoquinoline as a funct ion of temperature (Stage B) .  

Pressure: 2900 p i i i ;  
Reaction Time: 2 hrs .  
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Fig .  3. Change i n  p roduc t  compos i t ion  f rom h y d r o d e n i t r o -  

C a t a l y s t :  S u l f i d e d  H i  -W/A1203 

g e n a t i o n  o f  5,6-Benzoquinol ineas a f u n c t i o n  o f  temperature 
(Stage A ) .  

Pressure:  2900 ps ig ;  
React ion  Time: 2 hrs. 
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